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ABSTRACT 
Mov ements and behavior of potarnodrornous srnallrnouth and 
rock bass in La ke Ontario were examined in the spring and 
s ummer 19 85 - 86 . Bass were captured by electrofishing near 
spawning a r e as in t wo tributaries 60 krn apart . Fitted with 
temper a tur e-sensing radiotransrnitters , bass were released 
nea r captur e s it e s or displaced to Lake Ontario 3-10 krn from 
t heir "horne " t ributar i es . Twenty six and 42 % of displaced 
srnallrnouth a nd rock bas s r etu rned t o original capt ure sites 
in tributaries. Non-homi ng fish generally dispersed along 
the lake sho r e and f r equent ly e stablished horne ranges in the 
lake, often near horne or o th e r t ributaries . No differences 
were observed in movement rat es , temperatures occupied or 
diel activ i ty p atte r ns betwe e n y ears o r tributary stocks , 
but there were differences betwee n lak e a nd creek habitats 
and species. Srnallrnouth bass hom ing to, o r released i n, 
tributaries generally e s tablished horne ranges down stream 
from spawning areas and often occup ied tr i buta ries all 
summer, but rock bass did not. Both spec i e s occupied 20-22 
degrees Celsius temperatures in lake and tributary habitats 
when available. Srnallrnouth bass were mo s t a c tive i n May , 
least active in July, and more active in th e lak e t ha n i n 
tributaries. Rock bass activity did not appear to vary by 
season or habitat. Bass activity in Lake Onta r io was 
positively correlated with diel illumination. 
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INTRODUCTION 
Studies of t e movements an distribution of smallmouth 
bass (Micropterus dolomieu') and rock bass (Am loplites 
rupestris) in the Great Lakes are relatively few and have 
concentrated primarily on seemingly larg e s oc s associated 
with particular bays or islands (Stone et al . 1954; Fraser 
1955; Fry and Watt 195 7; Latta 1963; White 19 0; Kelso 1973; 
MacLean and Teleki 1977). In southcentral Lake Ontario 
centrarchids appear scarce by comparison; the shoreline and 
substrate is re latively featureless , devoid of islands and 
has few bays, s hoal s or o ther protective shallows (Figure 
l). Ce ntrarch jd s in this region often congregate in 
tributari e s from April throu gh July to spawn; streams afford 
protection from wave ac t ion, as well as wa rmer temperature s . 
The importance of tributaries as spawning habitat for 
lacustrine centrarchid populations rarely has been addr ssed 
(Cuerrier 1943; Webster 1954) and only one study has 
described the migratory movements of a potamodromou s 
centrarchid stock (Robbins and MacCrimmon 1977). 
Examination of the offshore thermal di scharge at 
Somers t Station (Niaga r a County, NY; Figure 1) and its 
possible effects on sport f i sh in Lake Ontario prov ided an 
opportunity to investigate the behavioral ecology of two 
common centrarchid fishes - smallmouth bass and rock bass -
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in southcentr al Lake Ontario. Impact of thermal d ischarges 
are reported elsewh e r e (NYSEG 19 87b). This study describes 
homing of displaced f ' sh as well as movements, activity 
patterns and temperatures occupied by potamodrom s 
s mallmouth and rock bass in southcentral Lake Ontario and 
two tributaries during spring and summer 1985-86. 
METHODS 
From April to September 1985-86, 44 smallmouth bass 
(31.5-45.0 e m; 0.5-1.4 kg) and 12 rock b ass (23.5-27.5 em; 
0.2-0.4 kg) were captured by electrofishing and f itted with 
externally mounted (Haynes and Nettles 1983; Mellas and 
Haynes 1985) temperature- s ensing r adiotransmitters 
(sensitivity 0.2-0.5 degrees Celsius; Ross et al. 1979). In 
1985, 28 smallmouth bass were captured in two tributarie s : 
14 in the first kilometer upstream from Lake Ontario in 
Sandy Creek (Monroe County, NY; Figure 1) and 14 below Burt 
Dam 3.5 km upstream from Lake Ontario in Eighteen Mile Creek 
(Niagara County, NY; Figure 1). Because of the season and 
size/condition of fish, it was assumed that centrarchids 
were using Sandy and Eighteen Mile Creeks as spawning or 
"horne" waters. Captured fish were released at one of three 
locations: capture sites in horne tributaries; downstream 
from capture sites (usually near the mouth of horne streams); 
or in Lake Ontario 3-10 krn east or west of horne tributaries 
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(Figure 1 ) . I 1986, 16 srnallrnouth bass and 12 rock bass 
were ca?tured be l ow Burt Da in Eighteen Mile Cree . 
Srnallrnouth bass were released near the mouth o f Ei ghte e n 
Mile Creek or 10 krn east of the creek in La e Ont a rio at 
Somerset Station (Figure 1). All rock bass were released at 
Somerset Station (Figure 1). 
To determine movements along shore in the lake and into 
or out of tributaries, fish were t r acked b ai r plane one to 
four times weekly from April through September (Winter 1983; 
NYSEG 1986, 1987a ) . Maximum flying range was between the 
Niagara and Genesee Rivers, less than 2 krn offshore (Figure 
1). Specific daily tracking routes were d e termined by 
movements of fish. Due to attenuation of radio signals, 
fish could not be detected more than 12 rn deep in Lake 
Ontario (James M. Haynes, SUNY College at Brockport, NY, 
unpublished data). 
To determine diel activity patter~s , temperatures and 
horne ranges, fish were tracked by truck continuously in 
separate 5 or 10 h periods for a complete diel cycle onc e 
each week from May through August. Fish were observed each 
week during midnight (2200-0300), dawn (0300-0800), morning 
(0800-1230), afternoon (1230-1700), and dusk (1700-2 200) 
periods. In 1986, the midnight tracking peri od was excluded 
because little activity was observed during this period in 
1985. A fish was considered inactive when there was no 
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variation in signal strength, as determined by listening, 
and no position change from the previous observation, as 
determined by triangulat i on (Winter 1983). Conversely, a 
fish was considered active when there was a definite 
variation in signal strength and / or a definite chang e in 
position. Depending on the type of analysis, activity was 
expressed as the percentage of active observations per hour, 
diel period or month. 
Estimates of movement rates were made separately for 
lake and creek habitats in two ways. Seas nal movement 
rates (km/d) were estimated as the total km traveled divided 
by the number of days fish in each habitat remained in radio 
contact. Short-term movement rates (km/h) were estimated as 
the distance traveled between consecutive observations less 
than two hours apart divided by the time elapsed between 
observations. Short-term movement rates were calculated 
only when displacement between observations was apparent 
and, therefore, reflect maximum, not average, hourly rates. 
Analyses of seasonal and short-term movement rates, 
temperatures and activity were by one-way and multi-way 
ANOVA. Comparisons were made by stock (Sandy Creek vs. 
Eighteen Mile Creek; smallmouth bass only), year (1985 vs. 
1986; smallmouth bass only), species (smallmouth bass vs. 
rock bass) and habitat (Lake Ontario vs. tributaries). 
Temperatures and activity were also compared by month (May 
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vs. June vs . July vs . August· vs . September) and activity was 
compared by diel period (midnight vs. dawn vs. morning vs. 
afternoon vs. dusk). Temperatures were not compared by diel 
period because complete diel cycle data was available for 
only a few dates and fish. Also, ambient temperature 
fluctuations typically were large and obscured any 
behavioral temperature selection which may have taken place 
in a given diel period. Linear regression was used to 
compare movement rates (krn/ d, krn/h) with days tracked and 
fish length, and to compare hourly diel activity with a 
relative measure of diel illumination. For purposes of 
analysis, illumination was assumed to be highest at 1200 
hours, lowest at 2400 hours, to increase linearly from 2400 
to 1200 hours and to decrease linearly from 1200 to 2400 
hours. The criterion for statistical significance was alpha 
= 0.05. Statistical analyses were performed using Stats 
Plus (1982) program on an Apple l i e microcomputer. Data are 
listed as arithmetic means and standard deviations (X ± SD). 
Movements of srnallrnouth bass released at or returning 
to "horne" tributaries were analysed for patterns of 
restricted habitat use or horne range. A geometric center of 
activity (Hayne 1949) was calculated for each fish which 
occupied a horne area by averaging the distances of all 
locations from the tributary mouth. A cumulative frequency 
distribution of activity radii, or the distance of each 
6 
location of a fish fro m the ·geometric center (Di e and Clark 
1953) , was compiled as described by Siniff and Tester (1965) 
and Ables (1969) . Movements of rock bass returning to 
Eighteen Mile Creek were not similarly analysed due to the 
small number of fish that established horne ranges in the 
creek. Movements of fish in Lake Ontario were not 
quantitatively analysed for patterns of restricted habitat 
use because s mall movements of fish occupying offshore areas 
were often beyond the precision of equipment used to 
triangulate fish positions from shore. 
RESULTS 
Analysis of seasonal (krn/d) and short-te r m (krn/ h) 
movement rates, temperatures and activity levels of 
srnallmouth bass revealed no significant differences between 
Sandy Creek and Eighteen Mile Creek stocks in 1985 or 
between years (1985 vs. 1986) for the Eighteen Mile Creek 
stock (Table 1). However, differences between habitats 
(Lake Ontario vs. tributaries) were apparent for smallmouth 
and rock bass (Table 1). Therefore, in subsequent analyses, 
smallmouth bass data for years and stocks were combined, but 
habitats were considered separately. 
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La ke Ontario 
Among 27 smallmouth bass and 12 rock bass di laced from 
home tr ibutaries to La e Ontario , seven smallmouth (26 %) 
a nd f ive rock bass (42 %) returned to home tributaries 
(Figur e 1). Twenty fish, 14 smallmouth (52 %) and six rock 
bass ( SO %) , that did not return to home tributaries 
dispersed along t he lake shore (Figure 1)) . Two smallmouth 
bass entered other tributaries (7 %; Figure 1). Four 
smallmouth (15 %) and one rock bass (8 %) remained near 
release sites where they established home ranges (Figure 1) . 
Eight of the 17 smallmouth bass released in home tributaries 
(47 %; Figure 1) and two rock bass that returned to Eighteen 
Mile Creek from release sites in the lake (40 %) eventually 
entered Lake Ontario. No s ma l lmouth bass returning to home 
tributaries from lake release sites subsequently re-entered 
Lake Ont ario. 
Seasonal movement rates by smallmouth bass and rock 
bass in Lake Ontario averaged 0.7 km/ d and 1.4 km/ d, 
respectively (Table 2), but differences between species were 
largely differences between homing and non-homing fish. 
Seasonal movement rates were greater (P < 0.001) for fish 
homing to tributaries (smallmouth = 1.2 km/d; rock bass = 
2.9 km/d) than for non-homing fish that remained in the lake 
(smallmouth = rock bass = 0.6 km/d) and rates were greater 
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(P = 0.003) for homing rock ·bass (2 .9 km/ d) than for 
smallmouth bass (1 .2 km/ d). 
Homing smallmouth bass and rock bass traveled up to 9 .0 
km and 11.0 km in a single day, respectively. Fish homing 
to tributaries traveled a n average of 9.0 km (range = 5-10 
km) in the lake, usually in a direct path back to 
tributaries where they were captured, while non-homing fish 
averaged 10.5 km (range = 0.5-39 km). Regression of km/ d 
vs. fish length was not signif icant for smallmouth (P > 0.4, 
r = 14.3 %, 33 d.f.) or rock bass (P > 0.5, r = 2 .8 %, 10 
d.f.). However, regression of km/ d vs. days tracked was 
significant for smallmouth bass (P = 0.007) and nearly 
significant for rock bass (P = 0.098), with fairly high 
negative correlations between variables (smallmouth, r = 
44.3 %, 33 d.f.; rock bass, r = 49.7 %, 10 d.f) indicating a 
propensity by fish displaced or dispersing in th e lake to 
move more rapidly during initial days after release or lake 
entry, respectively. 
Following initial movements many fish settled in one 
location and established a home range (Figure 1), usually in 
an area of rocky structure in 4-8 m of water. Home areas 
occupied in Lake Ontario were often so small that movements 
within the home area were rarely detected from the shore 
(100 m or more away) and sugg est fish were restricting their 
movements to a small patch of suitable habitat on the lake 
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bottom. Fifteen fish lingered near tributary discharges and 
three fish established residence areas just east of such 
discharges (Figure 1). East is the direction of prevailing 
nearshore currents along Lake Onta r io's southern shore 
(Saylor et al. 1981). After leaving tributaries, five fish, 
two rock bass and three srnallrnouth bass, resided nearby in 
the lake before dispersing along shore or off shore. Six 
fish, two rock bass and four srnallrnouth bass, moved back and 
forth between their horne tributary and Lake Ontario. One 
srnallrnouth bass moved 3 krn west in the lake after leaving 
Sandy Creek, then returned to the creek eight days later. 
Movement of fish leaving tributaries ranged from less than 
0.5 krn to 13 krn along shore in Lake Ontario (Figure 1). 
Short-term movement rates (krn/h) in Lake Ontario did 
not differ by species (Table 2). Maximum short-term 
movement rates observed for srnallrnouth bass and rock bass 
were 1.3 krn/h and 1.2 krn/h, respectively. Regression of 
krn/h vs. fish length was not significant for srnallrnouth (P > 
0.5, r = 4.4 %, 18 d.f.) or rock bass (P > 0.4, r = 25.5 %, 
9 d.f.). Regression of krn/d vs. krn/h also was not 
significant for srnallrnouth (P > 0.1, r = 36.1 %, 18 d.f.) or 
rock bass (P > 0.5, r = 17.7 %, 9 d.f.), indicating krn/d and 
km/h are reasonably independent measures of movement 
capabilities. 
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Temperatures occupied by centrarchids in Lake Ontario 
did not differ between species (Table 2). Temperatures 
recorded for f ish fo llowed seasonal warming trends with 
coldest temperatur es in May and warmest temperatures in 
August (Figure 2). Co lder temperatures recorded for 
srnallrnouth bass in Lake Ontario vs. tributaries (Table 1) 
were largely those of fish transported to the lake in 
April/May before the lake had war med and stratif ied . 
Excluding bass transported to the lake, among fish with 
active radiotransmitters only two rock bass and five 
smallmouth bass were observed dispersing into the lake. 
Three other smallrnouth bass were observed in the lake on at 
least one occasion, but returned to and were last located in 
home t ributaries. Fish entering Lake Ontario from 
tributaries generally did so after temperature differences 
between habitats were less pronounced (Figure 2). 
Dispersing rock bass entered the lake on May 26 and June 9, 
while dispersing smallmouth bass entered the lake on June 6, 
July 1 and 15, August 13 and September 3. Fish that entered 
the lake and encountered large temperature differences 
usually returned to the tributary. For example, a 
smallrnouth bass released near the mouth of Eighteen Mile 
Creek on May 27 entered Lake Ontario on May 28 when the 
water temperature was 6.2 degrees Celsius in the lake and 
20.6 degrees Celsius in the creek. Two days later this fish 
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had returned upstream to t he location of capture and was 
still in the creek when the transmitter expired in July. 
Occasionally fish leaving tributaries or released in 
Lake Ontario during su mmer disappe a red quickly, sugg esting 
rapid movement to waters at least 12 m deep beyond radio 
contact. Thermal stratification is generally well 
established by mid-June in Lake Ontario (S a l or et al. 1981) 
and many fishes find thermal conditions more suitable 
offshore or at greater depths (Olson 1984; Haynes et al. 
1986; Haynes and Keleher 1986). Influence of temperature on 
the onshore-offshore movements of bass was illustrated by 
the behavior of two fish, one rock bass and one smallmouth 
bass, released at Somerset Station on 16 and 30 June 1986, 
respectively. At lake temperatures of 17-20 degrees 
Celsius, both fish disappeared to the east shortly after 
release. Although tracked repeatedly, neither fish was 
located again until 14 July, when both reappeared nearshore, 
approximately 18 and 16 km east of the release site, 
respectively (Figure 1). Strong south winds had created an 
internal seiche and nearshore temperatures had dropped to 7 
degrees Celsius. This suggests that during times of thermal 
instability centrarchids will move to find alternative 
temperatures, perhaps in response to movements of the 
thermocline over the bottom (Brandt et al. 1980). On 30 
September 1986, during seiche conditions similar to those 
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described above, approximately 30 smallmouth bass were 
e l ectroshock e d just inside the mouth of Sandy Creek (Figure 
1), an indication t hat fish actively seek the shelter of 
tributaries at times of ther mal instability . Under normal 
circumstances few adult bass occupy creeks in late 
summer / fal l ; their presence dur i ng a seiche event was likely 
due to the ava il ab ility of creek waters more than 10 degrees 
Celsi u s warmer than nearshor e lake waters . 
Activity of smallmouth bas s in Lake Ontario varied 
seasonally, decreasing from 76 % active observation s in May 
to 31 % in July and rising again in Au gu t and September 
(Figure 3). Rock bass did not show s easonal (May-July 1986) 
fluxes in activity levels. Smallmouth bass activity varied 
by diel period; they were significantly more active (P < 
0.001) during morning and afternoon periods than during the 
midnight period with intermediate activity dur i ng dawn and 
dusk or twilight periods. Regression of smallmouth bass 
hourly activity levels v • relative illumination (see 
Methods) was significant (P < 0.001, r = 84.4 %, 22 d.f.), 
indicating a strongly diurnal activity pattern (F igure 4). 
Diel activity for rock bass in Lake Ontar i o followed a 
similar pattern (P = 0.001, r = 71.4%, 15 d.f.; Figure 5 ), 
although fish were not tracked from 2200-0300 in 1986. 
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Tributaries 
Eighty eight percent (23 out of 26 ) of centrarchids 
displaced downstream or returning to ho rne tributaries after 
release in the lake returned to original capture s i tes . 
Srnal lrnouth bass occupied tributaries for 5- 113 days; several 
occupi ed tributaries for the duration of trans mitter life o r 
the entire summer. Over time, fish gradually restricted 
t heir movements to specific ar eas , usually near deeper rocky 
substr ates downstream from shallow capture/ spawning areas. 
Strayings of up to 2.2 krn fo ll owed by returns to the horne 
range center were observed for five fish on seven occas ion s . 
Analysis of the movements of 15 srnallrnouth bas s that 
established horne ranges in tributarie s revealed that 52 % of 
all observations were within 100 rn of the geometric center 
of activity and 73 % were within 20 0 rn (F igure 6). Five 
rock bass that returned to Eighteen Mil e Creek remai ned in 
the creek for 6-77 days. Only one of the fish established a 
horne area in the creek; two rock bass dispersed from the 
creek 6-8 days after retu rning from lake release sites and 
two fish disappeared 9-15 days after returning. 
As a result of dispersing from Eighteen Mi le Creek 
sooner than srnallrnouth bass and generally not establishing 
horne areas within the creek, seasonal movement rates (krn/d) 
in tributaries by rock bass were greater than for srnallmouth 
bass {Table 2). Seasonal movements of rock bass did not 
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differ between habitats , but seasonal rates for smallmouth 
bass were much lower in tributaries than in Lake Ontario 
(Table 1). Short-term movement rates (km/ h) in tributaries 
did not differ between species (Table 2), but were 
significantly less in tributaries than in Lake Ontario 
(Tabl e 1) suggesting that habitat influences short-term 
movements. 
Temperatures occupied by centrarchids in tributaries 
did not differ between species (Table 2) , but were 
significantly higher than temperatures occupied in the lake 
(Table 1). This reflects differences between habitats in 
natural temperature cycles. Du e to their low volume and 
shallow depth re l ative to Lake Ontario, tributaries warm 
earlier in the season and reach higher temperatures. 
Temperatures occupied by fish in tributaries were coldest in 
May and warmest in July (Figure 2). Although available in 
tributaries, temperatures above 25 degrees Celsius were 
rarely occupied by bass, indicating preferences below this 
temperature. 
Activity levels of rock bass i n tributa ries were higher 
than those observed for smallmouth bass (Table 2) and may 
reflect their tendency to disperse rapidly after homing to 
tributaries. While activity levels of rock bass in 
tributaries did not differ from Lake Ontario, smallmouth 
bass in tributaries were less active than in Lake Ontario 
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(Table 1). Diel activity patterns observed in Lake Ontario 
(Figur es 4 and 5) were not observed in tributaries, possibly 
due to spawning and nesting beha ior. Seasonal activity of 
smallmouth bass in tributari es was not significantly 
d iffer en t by month; however , activity followed th same 
general patte rn described for smallmouth bass in Lake 
Ontario (Figure 3). Rock bass did not occupy tributaries 
long enough to make seasonal comparisons by month . 
DISCUSSION 
Activity 
~mallmouth bass are generally characterized as 
crepuscular predators (cf. Emery 1973) and are often 
reported to be most active during twilight periods (Hubb s 
and Baily 1938; Emery 1973; Reynold s and Casterlin 1976). 
Although feeding activity may peak during t wilight periods 
when prey are possibly more susceptible to predation (Emery 
1973), in this study activity of adult smallmouth bass was 
highest during mid-day periods, rnoreso in the lake than in 
tributaries. MacCrimmon and Robbins (1981) observed that 
wild juvenile smallmouth bass in the laboratory exhibited 
increased activity levels with increased illumination. 
Lower daytime activity levels that were observed in the 
shallow, well-lit tributaries relative to Lake Ontario may 
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have resulted from the tendency of smallmouth bass to seek 
shelter or overhead cover under high illumination conditions 
(Haines and Butler 1969) and their preference for areas of 
low light intensity (Reynolds and Casterlin 1976) . MacLean 
et a l . (1982) found that activity of smallmouth bass in La ke 
Erie increased with depth. This suggests that at lower 
illumination levels smallmouth b ss may become less shelter 
oriented and poss ibly more active during mid-day; this may 
expla in t he crepuscular tendency of smallmouth bass observed 
by other researchers (cf. Emery 1973) as well as my own 
observations of higher mid-day activity levels in the deeper 
waters of Lake Ontario vs. tributaries. In this study 
smallmouth and rock bass were rarely active at night. 
Munther (1970), Emery (1973) and Helfman (1981) all reported 
that smallmouth bass are inactive and rest on the substrate 
at night. 
Seasonal variations in activity levels observed f o r 
smallmouth bass may be associated with spawning migrations , 
nesting behavior and/or a response to chang i ng temperatures. 
Other studies of smallmouth bass (Munther 1970; Peterson and 
Myhr 1976; Hubert and Lackey 1980) and largemouth bass 
(Mesing and Wicker 1986) found that activity/movement was 
greater in spring and when water temperatures were changing 
and lower during summer. Both Emery (1973) and Helfman 
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(1981) observed that diel activ i ty patterns for nesting 
centrarchids were not pronounced. 
Rock bass frequently demonstrate a mixture of diurnal 
and noct urnal activity (Keast and Welsh 1968, Emery 19 73, 
Helfman 1981). Emery (1973) reported that rock bass in 
Greenleaf Lake, Ontario, schooled during the day in 1-7 m of 
water and fed only opportunistically ; at dusk schools 
dispersed and rock bass moved to shallow waters and foraged 
near the bottom. By last light rock bass were resting on 
the substrate. Helfman (1981) reported similar behavior for 
rock bass in Skaneateles and Cazenovia Lakes, New York, but 
observed rock bass in most areas of the study site at night 
and considered them to be nocturnal benthic predators. 
MacLean et al. (1982) found activity of rock bass in Lake 
Erie was positively correlated with incident illumination 
and depth, and rock bass moved into shallow nearshore wat ers 
only at dusk, suggesting a preference for low illumination 
levels. My observations did not provide a complete patter n 
of diel activity for rock bass because night observation 
(2200-0300 h) was not included, but they do suggest activity 
is positively correlated with incident illumination (Figur e 
5). However, the criterion for activity used in my study 
(and MacLean et al. 1982) was movement or displacement and, 
therefore, did not nessesarily reflect brief or localized 
bahaviors such as feeding events. 
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Temperature 
Most studies of smallmouth bass and rock bass movements 
and distribution have found these fish to inhabit waters 
less than 10 m deep (Webster 1954; Emery 1973; Helfman 1981; 
MacLean et al. 1982; Storr et al. 1983), although habitation 
of deeper waters has been observed (Hile and Juday 1941; 
Webster 1954; MacLean et al. 1982). My findings generally 
support both observations. In Lake Ontario smallmouth bass 
routinely inhabit shallow water, but movement of fish to 
deeper water is fairly common in summer months. The 
appearance of fish nearshore during seiche conditions 
associated with large drops in nearshore temperatures 
suggests that centrarchids may move with thermal structure 
(cf. Brandt et al. 1980) and may be repelled by sudden 
temperature changes as might be encountered by entering the 
lake in spring or during a seiche event. Wyman and Dischel 
(1984) found that impingement of smallmouth bass and rock 
bass by power plant intakes on Lake Ontario's southern shore 
was significantly greater during or following upwelling 
events when the thermocline was in the vicinity of the 
intake. Coutant (1975) reported that fish encountering 
temperature gradients greater than 4-5 degrees Celsius in 
the field were usually repelled. This may explain why bass 
generally left spawning tributaries after nearshore 
temperatures approximated those of the tributary and why 
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fish entering or transported to the lake in the spring often 
returned to tributaries. By August temperatures occupied by 
smallmouth bass in tributaries were not significantly 
differ e nt from temperatures occupied in Lake Ontario (Figure 
2 ) ; this may explain why bass are found less often in 
tributaries or nearshore in the lake during late summer. 
Bot h s mallmouth bass and rock bass occupied temperature s 
between 20-22 degrees Celsius when available in tributaries 
or Lake Ontario. Although temperatures in parts of 
tributaries often exceeded 25 degrees Celsius in summer, 
bass rarely we r e observed and apparently avoided 
temperatures ov er 25 degre es Ce l sius . Other field studies 
in lakes and streams also have reported that smallmouth bass 
and rock bass preferred summer temperatures of 20-22 degrees 
Celsius (Bile and Juday 1941; Westman and Westman 1949; 
Hallam 1959). However, laborato ry studie s o f juvenile and 
adult smallmouth bass indicate preferred temperatures from 
26-31 degrees Celsius in summer (Ferguson 1958; Peek 1965; 
Barans and Tubb 1973; Cherry et al. 1975; Reynolds and 
Casterlin 1978). Discrepancies between field and laboratory 
results suggests that under natural conditions temperature 
is not the only factor influencing fish distribution (Ross 
and Siniff 1982). For example, biotic factors such as 
social interaction (Beitinger and Magnuson 1975; Medvick et 
al. 1981) and prey availability (Ne i ll and Magn uson 1974) 
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have been shown t o alter thermoregulatory beha ior of 
centrarchids in the laboratory. 
Movement 
Mark- r ecapture and biote l emetry studies have revea l ed 
that s mallmouth bass and rock bass often restrict their 
mov e me nts to home areas (Scott 1949; Larimore 1952 ; Gerking 
1953; Funk 1957; Fajen 1962; Munther 1970; Hubert and Lackey 
1980 ) . In large lakes centrarchids are often characterized 
as existing in discrete populations (Stone et al. 1954; 
Webster 1954; Forney 1961). Several studies have 
demonstrated that disp laced bass move considerably 
(Henderson and Foster 1957; Pflug and Pauley 1983) , u sually 
more than non-d isplaced bass (Blake 1981 ; Forney 1961; Pflug 
and Pau ley 1983). Displaced bass often returned to the 
place of capture in breeding and non-b r eeding seasons 
(Larimore 1952; Henderson a nd Foster 1957; Ger king 1959; 
Forney 1961; Hubert and Lackey 1980; Pf l ug and Pauley 1983), 
as was the case in my study. 
Smallmouth bass and rock bass in Lake Onta ri 
demonstrated an ability to return to the specific site of 
capture in spawning tributaries. Undoubtedly this behavior 
is linked to reproduction, but studies of centrarch i ds 
during non-breeding seasons have reported similar result s 
(cf. Gerking 1959; Pflug and Pauley 1983) and suggest 
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centrarchids have an ability to recognize a precise ni he 
(Gerking 1959). Homing in this sense refers to the choice a 
fish makes between returning to a place formerly occupi d 
instead of moving to other uitable locations (Gerking 
1959). 
Other studies have documented riverine spawning 
migrations of smallmouth bass from Lake Simcoe, Ontario, 
(Robbins and MacCrimrnon 1977) and the Columbia River in 
southeastern Washington (Montgomery and Fickeisen 1978), s 
well as lacustrine spawning migrations of rock bass (MacLean 
and Teleki 19 77 ) and s mallmouth bass (Kelso 1973) in Long 
Point Bay, Lake Erie. Robbins and MacCrimmon (1977) found 
that 34 % of river spawners r etur ned upriver in subsequent 
years and t hey comprised 19 % of the spawning run. They 
concluded that alt hough these fish intermingled with 
lacustrine and possibly with other potamodromous smallmouth 
bass stocks on lake shoals during summer months they were 
most likely genetically distinct. Return to home 
tributaries and precise capture/spawn i ng areas within 
tributari e s in my studies, from r elease sites up to 10 km 
away, suggests that Lake Ontario may also contain 
genetically distinct stocks of centrarchids . Both 
smallmouth bass and rock bass preferential ly chos e home 
tributaries over other tributaries passed en rou te . 
However, preliminary results of allozyrne frequency studies 
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of Sandy and Eighteen Mile Creek smallmouth bass stocks 
using starch gel electrophoresis have not identified any 
genetic dif f erences (Brett et al . 1987). 
Fish t hat returned to home tributaries usually 
restricted their move~ents and many established distinc 
home ranges downstre am from s pawning ar as. Res iden e in 
t hese ar e as ranged from a few weeks to several months, 
indicating t hat some fish ut ilize tributary habitat s 
throughout summe r, prob abl y well after spawning, and may be 
permanent stream resident s . However, many fish disappeared 
from, or were tr a cked leaving, tributaries during summer 
months; electrofishing in tributar ies near spawn i ng areas 
after June produced few, if any, adult fish. Robbin s and 
MacCrimmon (1977) found that most adults moved downriver in 
June and July when water temperatures approached 25 degrees 
Celsius, although s ome fish remai ned in the spawning area 
throughout the summer despite wate r temperatur es to 29 
degrees Celsius. Webster (1954) described several spawning 
concentrations of sma llmouth bass in tributa r ies of Cayuga 
Lake, New York, and reported most bass had returned to the 
lake by early July. 
Whether fish leave tri buta ries because o f preferences 
for cooler temperatures, lower light cond i tion s , more 
abundant forage, or because of social inter acti ons o r other 
reasons is largely unknown. However, because some fish 
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remain i n tr ibuta r i e s t hroughout t he summer a nd forage 
appears to be abundant , c ompe t ition with c onspecifics o r 
ot h er spec i e s (e. g . l a rgemou t h b ass) for resources rna favor 
or force t h e di spe r sa l o f ma ny f ish . Also , dispersal may be 
a mech anism t o reduce cannib a li s ti c p redation on y ng of 
t h e year and juven i l es that remain i n t ri buta r ies . 
Manag ement I mplicat i ons 
The number and abundance o f p otamodr o mous cen t r a rchid 
stocks in the Gr eat Lakes i s unkn own, but may b e greater 
thao is general l y recognized (Robb i ns and MacCrimmo n 19 77 ). 
In large lake systems, potamodr omy may be wi d spre a d a nd the 
likelihood appears high that many potamod romous s toc ks 
represent genetically distinct cen trarch id populat i on s . 
However, data co l lected to date (Brett et a l . 198 7 ) ne i ther 
confirms or refutes t is hypo thesi s and conclu s ive evide nce 
may require more ref i ned separat i on of genetic i n f o rmation 
than is possible with simple starch gel elect r ophore s i s 
(e.g., mitoc ondrial DNA or two dimens i onal e lectropho r et i c 
techniques) • The existence of homi ng potamod r omous stock s 
in Lake Ontario and elsewhere (Robbins and MacCrimmon 1977) 
has implications for the management and enhancement of 
centrarchid stocks in large lakes. Improving tributary 
habitats could have a dramatic effect on recruitment to 
existing populations. Eighteen Mile Cr e ek, for example, is 
24 
a known point source for toxic conta ination (Zn, Pb, Ni, Cr 
and Cu ) of Lake Ontario, and has been targeted as a c l ass 
"B" priority site for remedial action by the Great Lakes 
Water Quality Board (IJC . 1981). In addition, due to 
extensive agricultural and other development in the 
watershed, runoff from snowmelt and rainstorms dramatically 
affects flow rates and turbidity during critical spawning 
times. However, before the implications of p otamodromy 
among centrarchids in Lake Ontario or elsewh re can be fully 
understood , the extent of the habit and the uniquen ss of 
the genetic identities of potamodromous stocks must be 
evaluated. 
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Table 1. Seasonal Moveme · t Rates ( m/ d) , Sho rt -term 
Movement Rates (km/ h), Seasonal Temperatures 
(degrees Celsius) and Seasonal Activity Levels 
(% active obs r ations) of Smallm uth Bass 
Compared by Hab·ta (La e vs . Creeks) , Year 
(1985 vs . 1986) and Stock (Sandy Creek vs . 
Eighteen Mile Cre k) and Rock Bas Compared by 
Habitat (Lake vs. Creeks) . 
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Seasonal Rate Short-term Rate Temperature Activi_l_y 
Cateqory n X ± SD n X + SD n X ± SD n X + SD 
Smallmouth by Habitat 
Lake 35 0.7± 0.7 20 0.3±0.2 35 15 . 1±4.0 25 62+14 
Creeks 20 0.2±0.2 19 0.1+0.1 22 18.5±2.7 18 35+18 
P Value 0.002 <0.001 <0.001 <0.001 
Smallmouth by Year 
In Lake 
1985 21 0.7±0 .7 9 0.3±0.2 21 15.6±4.2 15 61+15 
1986 14 0.7±0.7 11 0.3±0.2 14 14.3±3.7 10 64+14 
P Value >0.5 >0.5 >0 . 5 >0.5 
In Creeks 
1985 11 0.2±0.1 10 0.1±0.1 13 18.8±3.1 10 32± 18 
1986 9 0.3±0.2 9 0.1±0.1 9 17.9±2.1 8 39 -' 17 
N P Value 0.246 >0.5 >0.5 >0.5 '-..) 
Smallmouth by Stock 
In Lake 
Eighteen Mi. Cr. 10 0.7±0.8 1 0.1+0 10 14.4+3.5 5 56+12 
Sandy Cr. 11 0.7±0.6 8 0.3±0.2 11 16.6+4.6 10 63+16 
P Value >0.5 --- 0 . 238 >0.5 
In Creeks 
Eighteen Mi. Cr. 4 0.2±0.1 4 0.2+0.1 5 19.1±1.9 4 35±] 3 
Sandy Cr. 7 0.2±0.1 6 0.1±0.1 8 18.7±3.7 6 30+22 
P Value >0.5 0.270 >0.5 >0.5 
Rock Bass by Habitat 
Lake 12 1. 4±1. 5 11 0.4±0.2 12 13.7±4.0 8 62±19 
Creeks 5 0.5±0.3 4 0.2+0.1 5 16.0±3.2 5 62+24 
P Value 0.223 0.038 0.254 >0.5 
Table 2 . Seasonal Move ent Rates ( km/ d) , Short-term 
Movement Rates (km/ h), Seasona l Temperatures 
(degrees Celsius) and Seasonal Activity Levels 
(% active observa ions) of Centrarchids Compared 
by Spec i es (Smallmouth s. Rock Bass) and 
Habitat (Lake vs . Creeks) . 
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N 
1.0 
Category 
Lake 
Smallmouth 
Rock Bass 
P Value 
Creeks 
Sma llmouth 
Rock Bass 
P Value 
Seasonal Rate 
n X + SD 
35 0.7±0.7 
12 1.4±1.5 
0.034 
20 0.2±0.2 
5 0.5±0.3 
0.004 
Short-term Rate 
n X + SD 
20 0.3± 0.2 
11 0.4±0.2 
0.309 
19 0.1±0.1 
4 0.2±0.1 
0.056 
Temperature 
n X + SD 
35 15 .1+4.0 
12 13.7+4.0 
0.299 
22 18.5±2.7 
5 16.0± 3.2 
0.087 
Activit 
n x , SD 
25 6 2+14 
8 62+ 19 
>0. 5 
18 35±18 
5 62±2 4 
0. 01 0 
Figure 1. Map of Lake Ontario Showing Study Area and M ps 
of St dy Area Showing Range of Mo ement of 
Centrarchids in Lake Ontario by Year . 
1985. Range of Movements of Smallmo th Bass in 
Lake Ontario Released West (0) and East 01) of 
Eighteen Mile Creek, We t (0) and East (0) of 
Sandy Creek, and in Sandy Creek (¢). 
1986. Range of Movemen ts of Smallmouth (9) and 
Rock Bass (0) in Lake Ontario Released at 
Somerset Station, and Smallmouth Bass Released 
in Eighteen Mile Creek (Q) . 
Key. Symbols Inside the Shoreline Denote 
Release Sites, Solid Symbols Denote Fish Which 
Established Home Ranges, Hollow Symbols Denote 
Fish Which Disappeared or Did ot Establish 
Home Ranges and Arrows Denote Creek Entries. 
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Figure 2 . Temperatures Occupied by Centrar hids in Lake 
Ontario and Sandy/ Eighteen Mile Creeks by 
Month . Based on 1690 Obser ations of 44 
Srnallrnouth Bass and 241 Obcer ations of 12 Rock 
Bass . 
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Figure 3 . Activity Levels· of Small mouth Bass in Lake 
Ontario and Sandy/ Eighteen Mile Creeks by 
Mont . Based on 1690 Observations of 44 
Smallmouth Bass. 
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Figure 4 . Activity Levels of Smallmout Bass in Lake 
Ontario vs. Re ative Hourly Il l umination. 
Based on 10 3 Observations of 32 Smallmouth 
Bass . 
Key. Hollow Circles Denote AM Obser ations and 
Solid Squares Denote PM 0 serva ions . 
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Figure 5 . Activity Le els of Rock Bass ir Lake Ontari 
vs . Relative Hourly Illu i ation . Based on 127 
Observations of 12 Rock Bas . 
Rey . Hollow Circles Denote AM Obser ati ns and 
Solid Squares Denote PM Obser ations . 
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Figure 6 . Cumulative Frequency Distribution of Smallmouth 
Bass L cations Relative to the Geometric Center 
of Activity in Tributaries. Based on 636 
Observa ions of 15 Smallmouth Bass. 2 . 8 % of 
Recorded Observations were Greater Than 1250 m 
from t e Geometric Ce er of Acti ity and are 
Not Shown. 
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